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TITLE OF THE INVENTION 
AIR CONDITIONING SYSTEM 

DESCRIPTION OF THE INVENTION 
[0001] This invention relates to an air conditioning system and more particularly 
to such a system for an aircraft. 

[0002] It is a requirement in an aircraft to supply cool air to a pressurised cabin 
thereof Usually the cabin air is recirculated with some of the air being refreshed by 
air obtained from the exterior of the aircraft. 

[0003] Typically such external air is bled from an engine of the aircraft and is 
thus pressurised. Such air requires filtering and cooling before being mixed with 
recirculating air for introduction into the aircraft cabin for breathing and for the 
maintenance of comfortable conditions. 

[0004] It is known to cool the air by exchanging heat in the hot pressurised air 
with cooler ambient air. This may efficiently be achieved by first compressing the 
bled air to increase its temperature and pressure before cooling the air. Also it is 
known to cool the air further by expanding the air over an expansion turbine, which 
also results in some pressure loss in the compressed air. 
[0005] With conventional systems, hot cabin air is ejected from the air 
conditioning system and loss of volume is made up by the cooled conditioned bleed 
air. Thus the heat energy of the hot cabin air which is ejected, is wasted. 
[0006] Especially where an aircraft is parked on the ground in hot climatic 
conditions, the cabin air may become very hot and using a conventional air 
conditioning system, it may take some time after the air conditioning system is 
started up, e.g. when the aircraft engine or engines are started, or when a ground 
based support unit is used to provide air to the air conditioning system, for the cabin 
air to be cooled to a desirable temperature. Thus a considerable amount of heat 
energy may be wasted. 

[0007] Avionic systems such as electronic, hydraulic etc. systems produce heat 
in use, and at least some such systems, particularly electronic systems, require 
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cooling to protect the system components from heat damage. Again heat energy is 
discarded and thus wasted by conventional avionics cooling systems. 
[0008] According to one aspect of the invention we provide an air conditioning 
system for an aircraft in which cabin air is recirculated and mixed with cold air 
from an air conditioning machine which includes at least an expansion turbine over 
which warm pressurised air is expanded and cooled, and wherein the system 
includes a heat exchanger in which a heat load from hot cabin air is exchanged with 
the warm pressurised air prior to the pressurised air being expanded by the 
expansion turbine. 

[0009] Thus by virtue of an expansion turbine operating more efficiently to cool 
air whilst minimising air pressure loss, the waste heat in the cabin air is usefully 
employed to provide energy to improve the cooling efficiency of the expansion 
turbine. 

[0010] According to a second aspect of the invention we provide an air 
conditioning system for an aircraft in which cabin air is recirculated and mixed with 
cold air from an air conditioning machine which includes at least an expansion 
turbine over which warm pressurised air is expanded and cooled, and wherein the 
system includes a heat exchanger in which a heat load from a hot avionics system is 
exchanged with the warm pressurised air prior to the pressurised air being expanded 
by the expansion turbine. 

[0011] Thus the waste heat produced by the avionics system is usefully 
employed to provide energy to improve the cooling efficiency of the expansion 
turbine. 

[0012] Preferably in an air conditioning system of the invention, in a first mode 
of operation a heat load from hot cabin air is exchanged with the warm pressurised 
air prior to the pressurised air being expanded by the expansion turbine, and in a 
second mode of operation a heat load from a hot avionics system is exchanged with 
the warm pressurised air prior to the pressurised air being expanded by the 
expansion turbine. 

[0013] It will be appreciated that upon aircraft engine start up, when the cabin 
air may be much hotter than desired, the air conditioning system may be operated in 
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the first operational mode, whilst when the cabin air is cooled towards a desired 
temperature, the air conditioning system may be operated in the second operation 
mode. 

[0014] According to a third aspect of the invention we provide an air 

conditioning system for an aircraft in which cabin air is recirculated and mixed with 
cold air from an air conditioning machine which includes at least an expansion 
turbine over which warm pressurised air is expanded and cooled, and wherein the 
system includes a heat exchanger in which in a first mode of operation a heat load 
from hot cabin air is exchanged with the warm pressurised air prior to the 
pressurised air being expanded by the expansion turbine, and in a second mode of 
operation a heat load from a hot avionics system is exchanged with the warm 
pressurised air prior to the pressurised air being expanded by the expansion turbine. 
[0015] According to a fourth aspect of the invention we provide a method of 

operating an air conditioning system in an aircraft of the kind in which cabin air is 
recirculated and mixed with cold air from an air conditioning machine which 
includes at least an expansion turbine over which warm pressurised air is expanded 
and cooled, and wherein the system includes a heat exchanger in which a heat load 
is exchanged with the warm pressurised air prior to the pressurised air being 
expanded by the expansion turbine, the method including providing a heat load 
being hot cabin air to the heat exchanger. 

[0016] According to a fifth aspect of the invention we provide a method of 

operating an air conditioning system in an aircraft of the kind in which cabin air is 
recirculated and mixed with cold air from an air conditioning machine which 
includes at least an expansion turbine over which warm pressurised air is expanded 
and cooled, and wherein the system includes a heat exchanger in which a heat load 
is exchanged with the warm pressurised air prior to the pressurised air being 
expanded by the expansion turbine, the method including providing a heat load 
from a hot avionics system to the heat exchanger. 

[0017] According to a sixth aspect of the inventiqn we provide a method of 

operating an air conditioning system in an aircraft of the kind in which cabin air is 
recirculated and mixed with cold air from an air conditioning machine which 
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includes at least an expansion turbine over which warm pressurised air is expanded 
and cooled, and wherein the system includes a heat exchanger in which a heat load 
is exchanged with the warm pressurised air prior to the pressurised air being 
expanded by the expansion turbine, the method including in a first mode of 
operation, providing a heat load being hot cabin air to the heat exchanger, and in a 
second mode of operation providing a heat load from a hot avionics system to the 
heat exchanger. 

[0018] Thus the invention provides an air conditioning system in which the 
control of cabin air flow and avionics system heat loads are integrated. 
[0019] According to a seventh aspect of the invention we provide an air 

conditioning system for an aircraft in which there is an air conditioning machine for 
supplying cold air to a cooling circuit which includes a heat load from a hot 
avionics system, the air conditioning machine including at least an expansion 
turbine over which warm pressurised air is expanded and cooled, and wherein the 
cooling circuit includes a heat exchanger in which heat from the heat load is 
exchanged with the warm pressurised air prior to the pressurised air being expanded 
by the expansion turbine. 

[0020] In one arrangement the aircraft includes an unpressurised aircraft 

cabin, air from the cooling circuit after warming the warm pressurised air in the 
heat exchanger, being vented from the cooling circuit e.g. to the cabin, or otherwise 
from the cooling circuit as desired. 

[0021] The invention will now be described with reference to the accompanying 
drawings in which: - 

[0022] FIGURE 1 is an illustrative diagram of an air conditioning system in 
accordance with the invention; 

[0023] FIGURE 2 is an illustrative diagram of part of the system shown in figure 

1 but modified and operating in a first operational mode; 

[0024] FIGURE 3 is an illustrative diagram of part of the system shown in figure 

2 but operating in a second operational mode; 
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[0025] FIGURE 4 is an illustrative diagram of part of the system shown in 
figures 2 and 3 but modified and operating in an alternative second operational 
mode; 

[0026] FIGURE 5 is an illustrative diagram of part of a system in accordance 
with the invention alternatively modified and with single stage compression and 
cooling; 

[0027] FIGURE 6 shows the system of figure 1 operating in an alternative mode 
of operation; 

[0028] FIGURE 7 is an illustrative diagram of a further modification of the 
system of figure 1 . 

[0029] Referring to figure 1 of the drawings, an air conditioning system 10 for 

an aircraft includes a ram air inlet 1 1 through which ambient air is introduced to the 

system when the aircraft is in flight, the ram air generally being driven into the 

system 10 due to the movement of the aircraft through the air. 

[0030] The system further includes another air inlet 12 for air bled from the 

engine. Such bleed air is hotter than the ram air 3 and is pressurised. 

[0031] The hotter bleed air from inlet 12 is fed to a primary heat exchanger 16 

where heat is exchanged with the cooler ram air from ram air inlet 1 1 . The cooler 

ram air from ram air inlet 12 is also used to cool hot air in a secondary heat 

exchanger 1 8 as hereinafter described. The thus warmed ram air then returns to 

ambient, with the assistance of fans 19, 20 as hereinafter described. 

[0032] The fans 19, 20 will assist in drawing in ram air through ram air inlet 12, 

particularly when the aircraft is on the ground e.g. as the aircraft taxiing. 

[0033] The air conditioning system 10 includes a two stage compressor/turbine 

arrangement. In a compressing section of the system 10, the cooled bleed air is first 

fed from the primary heat exchanger 1 6 via a duct 22 to a low pressure compressor 

23 which thus pressurises and causes heating of the bleed air. From the low 

pressure compressor 23 the pressurised and heated air is fed along a duct 24 to a 

high pressure compressor 25 where the air is further pressurised and heated. 

[0034] The resulting high pressure and hot air is passed to the secondary heat 

exchanger 18 along a duct 27, and from the secondary heat exchanger 18 the 
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cooled, now warm high pressure air passes along a duct 29 to a cooling section of 
the system 10. The warm pressurised air is fed from duct 29 to a high pressure 
water separator 3 1 via a re-heater heat exchanger indicated at 30, where the warm 
pressurised air is slightly cooled for a purpose hereinafter explained. 
[0035] The warm pressurised air is then fed via a duct 32 to a first, high 
pressure, expansion turbine 34 where the warm pressurised air expands and is 
cooled. From the high pressure turbine 34, the cooled but still warm lower pressure 
air is passed along a duct 35 to a medium pressure water separator 36 further to dry 
the air, and the medium pressure dried air then passes via a load heat exchanger 38 
where the air is warmed, and via the re-heater heat exchanger 30 where it is further 
warmed, via a duct 40 to a second low pressure expansion turbine, where the air is 
further and substantially cooled and its pressure reduced. The cold air passes from 
the second expansion turbine 41 via a duct 42 to a mixing box 43 from which air is 
supplied to an aircraft cabin 44, 45. Two ducts are shown leading from the mixing 
box to respective parts of the cabin 44, 45, e.g. a main cabin part and the aircraft's 
flight deck. Air recirculated from the aircraft cabin 44, 45 via a recirculating loop 
46 with fan 60 is mixed with the cold air from the duct 42 in the mixing box 43. An 
outlet for stale air from the cabin 44, 45 to ambient atmosphere is indicated at 47, 
including a valve for controlling such outlet. 

[0036] In this example, the low pressure compressor 23 and the second low 
pressure turbine 41 are carried on a common shaft 5 1 such that the compressed air 
expanding across the turbine 41 drives the low pressure compressor 23. 
Furthermore one (20) of the fans 19, 20 which is effective to eject warmed ram air 
from the system 10 is also provided on the shaft 51 and is thus driven by the 
expanding compressed air. 

[0037] The first high pressure expansion turbine 34 is carried on a shaft 50 on 
which the high pressure compressor 25 and other fan 19 are carried so that the high 
pressure compressor 25 and fan 19 are driven by the pressurised air expanding 
across the first turbine 34. 

[0038] It can be seen from the drawing that in the compressor section of the 
system 10 there is a valve controlled by-pass 53 from the duct 22 to the first 
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compressor 23 , to the duct 24 between the low pressure compressor 23 and the high 
pressure compressor 25 , and a further valve controlled by-pass 54 from the duct 24 
to duct 27 from the high pressure compressor 25, so that the high pressure 
compressor 25 can be by-passed as permitted by the valve. Also, there is a valve 
controlled by-pass 55 from the duct 27 to the duct 29 from the secondary heat 
exchanger 18. 

[0039] In the cooling section of the system 10 there is a valve controlled by-pass 
56 from the duct 32 to the first turbine 34 to the outlet of the turbine 34 5 a valve 
controlled by-pass 57 from the duct 29 from the secondary heat exchanger 1 8 to the 
outlet duct 35 from the first turbine 34, and a valve controlled by-pass 58 from the 
duct 40 to the second expansion turbine 41, to the cold air duct 42 from the second 
expansion turbine 41. 

[0040] The valves of the by-passes 53, 54, 55, 56, 57, 58 may be operated by a 
system controller (not shown in figure 1) to balance the system 10 in various 
operating conditions, and to ensure that the cold air entering the mixing box 43 is of 
a desired temperature and pressure. If desired, the valves in by-passes 53, 54 may 
be simple check valves. 

[0041] It will be appreciated that when the aircraft is on the ground particularly 
in hot climates, the cabin temperature can rise significantly, for example to 55°C. 
Conventionally upon system start-up such hot cabin air has simply been 
recirculated until the air is cooled by mixing with cold air in the mixing box 43, to a 
desired cabin temperature. Thus the heat of the cabin air is lost from the system 10. 
A proportion of the air in the cabin 44, 45 may be ejected to ambient as indicated 
through the outlet 47, so that a proportion of the cabin air 44 is refreshed by the air 
from the air conditioning system 10. 

[0042] In accordance with the present invention, the system 10 provides a means 
for recovery of heat energy from hot cabin air. 

[0043] Cabin air is recirculated from the cabin 44 with fan 60 assistance, and a 
proportion of the hot cabin air may thus be diverted by a valve 64 via a duct 62 to 
the load heat exchanger 38 through which the medium pressure air from the first 



7 



expansion turbine 34 passes. Thus heat from the hot cabin air is used to warm the 
cooled medium pressure air prior to passing to the second expansion turbine 4L 
[0044] This is useful because an expansion turbine operates most efficiently at 
cooling hotter air without losing pressure. Thus the medium pressure cooled air 
from the first expansion turbine 34 is heated by the hot cabin air in the load heat 
exchanger 38 so that the second expansion turbine 41 can operate most efficiently 
at producing cold air for mixing with recirculated cabin air in the mixing box 43. 
Heat recovered from the load heat exchanger 38 and/or the re-heater 30 can be used 
by the first turbine 34 to increase its rotating speed, boost its pressure ratio, and 
increase the expansion of air across the turbine. This provides more cooling for a 
given mass flow. 

[0045] It is for the same reason that the re-heater heat exchanger 30 is provided 
to warm the warm air from the secondary heat exchanger 18, before that air is fed to 
the first expansion turbine 34. 

[0046] When the aircraft cabin 44 air has cooled towards a desired temperature, 
the cabin air may no longer be diverted into duct 62. The amount of cabin air, if 
any, diverted to duct 62 may be controlled by the valve 64 under the control of the 
system controller. 

[0047] However as the aircraft is used, other avionics systems 68 of the aircraft 
may produce heat. Such systems 68 may be for example navigational or other 
instrumental systems, hydraulic, electronic or any other system which produces 
heat. At least some of these systems, especially electronic systems, require cooling. 
[0048] Whereas conventionally, such heat produced by the avionics system 68 
would be lost after cooling, in the present invention, at least some of such heat 
energy may usefully be used, by feeding a coolant such as air in heat exchange 
relationship with the avionics system 68 to be cooled, along a duct 70 (including a 
non-return valve 71) to the load heat exchanger 38. A fan 72 in the duct 70 is 
operated to regulate the amount of cooling of the avionics system 68, depending 
upon the system's 68 temperature and whether cabin air is also being fed to the load 
heat exchanger 38. The return duct from the load heat exchanger 38 has a duct 66 
branching off it, to lead to a valve 65 where it joins the recirculating loop 46. 
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[0049] In normal flight when the cabin 44 has been cooled to a desired 
temperature, this temperature may readily be maintained without diverting cabin air 
to the load heat exchanger 38 and thus in flight, when the avionics systems 68 are 
creating the most heat, the load heat exchanger 3 8 may recover that heat energy as 
described. 

[0050] Various modifications may be made without departing from the scope of 
the invention. Particularly the system 1 0 described and shown in the drawings 
includes a low pressure air conditioning machine provided by the shaft 5 1 and the 
first compressor 23 and second expansion turbine 41 and a high pressure air 
conditioning machine provided by the shaft 50 5 the second compressor 25 and the 
first expansion turbine 34, each machine including on a common shaft 51,51a 
respective fan 20, 19. In another arrangement, only one fan 19, 20 may be provided, 
and the compressors 23, 25 and expansion turbines 34, 41 may be provided 
otherwise than on respective common shafts 50, 51, or the compressors 23, 25 and 
expansion turbines 34, 41 may all be provided on a single shaft. 
[0051] Although the re-heater heat exchanger 30 is preferably provided, this is 
not essential, as is illustrated by the embodiment described with reference to figure 
5 below. 

[0052] A proportion of the cabin 44 air may be disposed of to allow for air 
refreshment otherwise than as described through outlet 47. 

[0053] As described above, either the hot cabin air is diverted to the load heat 
exchanger 38 when the cabin air is above a desired or predetermined temperature 
range, in a first operating mode, or the heat load from the hot avionics system 68 is 
provided to the load heat exchanger 38 in a second operating mode. If desired, heat 
load from the cabin air and avionics system 68 may be provided to the load heat 
exchanger 38 during a transition phase before the cabin air has been cooled to 
below the predetermined temperature range and whilst the avionics system 68 is 
hotter than another predetermined temperature. 

[0054] The valves 64, 65 shown in the system above may be modulating valves 
of suitable type, and may be controlled in respect of their operation to operate in a 
predetermined relationship to one another. 
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[0055] If desired, additional cooling for the cabin 44, 45 air and/or the avionics 
system(s) 68 may be provided so that only a proportion of the cabin air/avionics 
system(s) heat is used to heat the warm pressurised air in the load heat exchanger 
38. 

[0056] Referring to figures 2 and 3 a part of the air conditioning system of figure 
1 is shown, but the system is modified. However similar components are labelled 
with the same reference numerals as in figure 1 for ease of understanding. 
[0057] In figure 2, the system 10 is operated in a first operational mode, with the 
aircraft usually on the ground, whilst in figure 3, the system 10 is operating in a 
second operational mode, with the aircraft in flight. 

[0058] Referring to figure 2, the diverter valve 64 which diverts a proportion of 
the cabin 44, 45 air to the duct 62 to the load heat exchanger 38, and the valve 65 
which permits cooled diverted air to be returned to the mixing box 43, are 
dispensed with. Also, instead of a single stage heat load exchanger 38, a dual stage 
load heat exchanger 38a, 38b is provided, through which pressurised warm air from 
duct 35 is provided, and from which the further warmed air is fed via a further heat 
exchanger 30, to the expansion turbine 41 as indicated in figure 1 . 
[0059] Instead of the diverter and return valves 64, 65, a duct 62a is provided 
from the cabin 44, 45 into a cooling circuit 100 in which the dual stage heat load 
exchanger 38a, 38b is provided. A valve 101 in the duct 62a, which is open in this 
mode of operation, may be opened or closed under the control of the system 
controller C. 

[0060] Cabin air which is cooled in the cooling circuit 100 by the dual stage load 
heat exchanger 38a, 38b may be returned to the cabin 44, 45 via an inlet duct 103, 
there being a valve 1 04, in the inlet duct 1 03 controlled by the system controller C 
to be open in this mode of operation. 

[0061] It will be appreciated that the valves 101 and 104 may be simple on/off 
valves but preferably are modulating or proportional valves, so that the proportion 
of cabin air provided to the cooling circuit 100 may be adjusted depending on the 
temperature of the cabin air or other system 10 criteria. 



10 



[0062] Also, the fan 60 which is provided to withdraw hot air from the cabin 44, 
45 and provide the air to the mixing box 43 for mixing with cold air from the 
expansion turbine 41 may be controlled by the system controller C to provide a 
desired rate of air extraction for the parameters of the system 10. 
[0063] It can be seen that there is provided no isolating valve or the like to 
prevent the flow of air to and from the avionics system 68 in this example, but any 
such air flow will have little effect on the efficiency of the system 1 0 for rapidly 
cooling the cabin 44, 45 air, as the heat load of the avionics system 68, e.g. 
produced by one or more avionics systems of the aircraft will be small upon initial 
start up. The positioning of the non-return valve 71a in the cooling circuit in the 
flow from the dual stage load heat exchanger 38a, 38b will help ensure that any air 
flow to the avionics system 68 will follow the general direction of air flow in the 
cooling circuit 100. 

[0064] The fan 72 which is provided to facilitate air flow around the cooling 
circuit is controlled by the system controller C. 

[0065] There is also provided from the mixing box 43, a duct 105 in which there 
is a control valve 106, the duct 105 extending to the cooling circuit 100. In the first 
mode of operation indicated in figure 2, the valve 106 is closed and thus all air flow 
from the mixing box 43 is to the cabin 44, 45. 

[0066] Referring now to figure 3 the modified system 10 of figure 2 is shown 
operating in a second operational mode in which the aircraft will normally be in 
flight, and the cabin 44, 45 cooled to a desired temperature range. Thus the valves 
101, and 104 to and from the cooling circuit 100 have been shut by the system 
controller C so that the cabin air is maintained within the desired temperature range 
by mixing the cabin air in the mixing box 43 with cold air from the duct 42 from 
the expansion turbine 41, with the fan 60 being operated by the system controller C 
to give an appropriate air flow to the mixing box 43 . As with the arrangement of 
figure 1, a proportion of the cabin air would, in both the operational mode shown in 
figure 2 and figure 3, need to be removed from the cabin 44, 45 and passed to 
ambient atmosphere via a valve controlled outlet (not shown in figures 1 and 2 or 
figure 3). 
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[0067] In the operation mode illustrated in figure 3, the avionics system or 
systems 68 is/are producing a heat load which requires cooling. Thus hot air from 
the heat load of the avionics system(s) 68 is circulated around cooling circuit 100 
by the fan 72, through the dual stage load heat exchangers 38a, 38b, where the hot 
air warms the warm medium-pressurised air prior to such air being fed to the 
expansion turbine 41 . 

[0068] Again in this second operating mode, valve 106 in the duct 105 from the 
mixing box 43 to the cooling circuit 1 00 is closed such that all cold air from the 
expansion turbine 41 mixed with the cabin air, is fed to the cabin 44, 45. 
[0069] It will be appreciated that as with the figure 1 embodiment, the system 10 
modified as illustrated in figure 2 and 3 may be operated in a transition phase, with 
both some cabin air and some hot air from the avionics system(s) 68 being used in 
the cooling circuit 1 00 to warm the warm medium pressure air in the heat 
exchangers 38a, 38b, as controlled to do so by the system controller C. 
[0070] In the figures 1 to 3 arrangements described, the cabin 44, 45 is either 
pressurised by virtue of being at ground level or the cabin 44, 45 is pressurised in 
flight. Thus the air throughout the system 10 is pressurised by the compressor or 
compressors 23, 25 such that after expansion and cooling across the expansion 
turbine or turbines 34, 41, the air is still pressurised above low ambient pressure. 
Thus the air which is introduced into the cabin 44, 45 is pressurised to an adequate 
extent for breathing for example in the cabin. 

[0071] However the system 10 may be operated in an alternative second mode of 
operation, i.e. with the aircraft in (high altitude) flight. Such operation is illustrated 
in figure 4. 

[0072] In this arrangement, the cabin 44, 45 is not pressurised or at least is less 
pressurised than in the previously described operational modes. For example the 
cabin 44, 45 may be opened to atmosphere and thus may not require cooling. 
[0073] This may be desirable to permit the ejection of items /parachutists etc. 
from the cabin 44, 45. 

[0074] Aircrew and any passengers may at high altitudes require a breathing 
apparatus, but the cabin 44, 45 will not require cooling. 
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[0075] In such circumstances the system 10 may be operated with the fan 60 
inoperative, so that cabin air is not circulated to and from the mixing box 43, and 
with the valve 106 in the duct 105 between the mixing box 43 and the cooling 
circuit 100 open, but the valve 101 between the cabin 44, 45 and the cooling circuit 
100, closed, as is the valve 104 in the duct 103. 

[0076] Thus cold air from the mixing box 43 may thus be fed into the cooling 
circuit 100 directly, and the cold air circulated to cool the avionics system(s) 68. 
[0077] In this mode of operation, the cooling circuit 100 is open, and the air 
cooling the avionics heat load 68 is returned to ambient, for example as indicated at 
V, after heat exchange with the avionics load 68. 

[0078] At such low pressures, the fan 72 would be unable to operate to move the 
air efficiently and so the load heat exchangers 38a, 38b will be ineffective as the 
cold air from the mixing box 43 will flow to the heat load 68 and hence from the 
cooling circuit. 

[0079] Various modifications may again be made without departing from the 
scope of the invention. 

[0080] For example, the valves 101, 104, 106 may be motorised butterfly valves, 
but may be other kinds of valves. 

[0081] Referring to figure 5, a modified system 10 is shown in which there is no 
reheat heat exchanger as indicted at 30 in figure 1. Otherwise similar components to 
those provided in figure 1 are indicated by the same references. 
[0082] Although there is no reheat heat exchanger (30) a condenser 29a is 
provided in duct 29 from the compressor 23, 25 to remove water from the 
compressed air which has been cooled by the ram air in the heat exchanger 1 8, the 
condenser 29a receiving cold expanded air from the duct 42 between the low 
pressure expansion turbine 41 and the mixing box 43 to aid condensation. The 
slightly warmed air from the condenser 29a is then returned to the duct 42 from 
where it passes to the mixing box 43. If desired, isolating valves 42a, 42b or 
modulating valves may be provided to prevent or vary the proportion of cold 
expanded air passing directly from the expansion turbine 41 to the mixing box 43. 
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[0083] Particularly but not exclusively in the figure 5 configuration, the system 
10 may be operated without the high pressure compressor 25 and expansion turbine 
34 operating, due to for examples only, particular operational requirements, or 
component failure. To achieve this, the high pressure compressor 25 may be by- 
passed by opening the valve in by-pass 54, and the valve in by-pass 56. 
[0084] Alternatively, the system 10 may be operated with the high pressure 
compressor 25 and expansion turbine 34 operational, but the low pressure 
compressor 23 and expansion turbine 41 disabled, by opening by-pass valves in 
ducts 53 and 58. 

[0085] Referring to figure 6, the system 10 is shown operating with both the 
high and low pressure compressors 25, 23 and expansion turbines 41, 34 in 
operation, due again to particular operational requirements or component failure. 
[0086] The air path from the bleed air inlet is shown emboldened. 
[0087] In this mode of operation, the bleed air at inlet 12 is cooled by the ram air 
in heat exchangers 16 and 18 and is then fed to cabin 44/45, after passing through 
heat load exchanger 38 where the ram-air-cooled bleed air provides some cooling 
for the avionics heat load 68. 

[0088] In all of the embodiments and modes of operation described, the system 
provides for cooling of the avionics heat load 68 and the cabin 44/45 where this is 
required, in an integrated system 10. 

[0089] Referring now to Figure 7 of the drawings, this shows yet a further 
modification of the air conditioning system shown in Figure 1 . In the system of 
Figure 1 , waste heat from hot cabin air and waste heat produced by an avionics 
system can be usefully employed to improve the cooling efficiency of an expansion 
turbine of an air conditioning machine. Rapid cooling of cabin air, which can 
become very hot when an aircraft is parked on the ground in hot climatic 
conditions, is assisted, whilst when the aircraft is in use heat energy which would 
otherwise be wasted by a conventional avionics cooling system is used to improve 
the efficiency of the air conditioning machine. However, it has been found that a 
useful improvement in air conditioning efficiency can be obtained using waste heat 
from cabin air, without using the heat derived from avionics systems, with some 
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simplification of the overall system in accordance with the invention. In Figure 7 
the same reference numerals are used as are used in relation to Figure 1 , and most 
of the description relating to Figure 1 applies also to Figure 7. Figure 7 differs from 
Figure 1 in that the avionics system 68 is omitted together with the associated duct 
70, valve 71 and fan 72. Recirculating duct 46 is omitted, as are valves 64, 65, so 
that all air recirculated from the cabin with the assistance of fan 60 is passed to the 
load heat exchanger 38 before recirculating. 

[0090] Figure 7 also differs from Figure 1 in that the medium pressure water 
separator 36 is disposed downstream of the load heat exchanger 38 instead of 
upstream thereof If this modification is made, the effect is that if the air passing to 
the heat exchanger 38 along duct 35 contains some water, such water will evaporate 
as a result of heat transfer to the air in heat exchanger 38. Any such evaporation of 
water in the heat exchanger 38 improves the effectiveness of removal of heat from 
cabin air by the heat exchanger: the heat exchanger 38 may be able to be made 
smaller in consequence of this. Any remaining water in the air after the load heat 
exchanger 38 is removed by the water separator 36 after the heat exchanger. 
[0091] A further possible modification in a system in accordance with the 
invention, which is shown in Figure 7, is that a valve 80 may be provided in the 
duct between the water separator 36 and the heat exchanger 30, this valve 80 being 
operable to divert airflow so as to by-pass the heat exchanger 30 by way of a by- 
pass duct 81 . The duct 81 joins the duct 40 upstream of the by-pass 58 of the 
second expansion turbine 41. If there were to be any failure of the turbine 41 (and 
hence the loss of the cooling effect of the turbine due to the expansion of air as it 
passes therethrough) the by-pass 8 1 enables the return of air to the mixing box 43 
and hence to the aircraft cabin without having been warmed by passing through the 
heat exchanger 30. 

[0092] The above description of systems in accordance with the invention has 
been related to the situation where cabin air temperature is required to be reduced as 
quickly as possible, e.g. when an aircraft has been parked in a hot climate. This is 
the so-called "pull down" mode of operation. However, the system e.g. as shown in 
Figure 7 is also capable of operating in an alternative mode where cabin 
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temperature is required to be "pulled up" from a low starting temperature. This 
might arise if an aircraft has been parked out of use in a cold climate. In this mode 
of operation, the ram air entering the ram air inlet 1 1 is closed off or substantially 
so, possibly with the fans 19 and/or 20 not operating. Thus bleed air derived from 
the engine and entering at inlet 12 is not cooled in the heat exchangers 16, 18. 
Indeed the air reaching the duct 29 may be heated by the compressors 23, 25. Such 
air passes through the heat exchanger 30 followed by the separator 31, but most of 
this air is permitted to pass through the by-pass 56 to the duct 35 rather than being 
expanded and cooled in turbine 34. This air is still relatively warm at its entry to 
the heat exchanger 38, so that cabin air being recirculated by way of ducts 62, 66 
and the heat exchanger 38 is warmed. After the water separator 36, the air from 
duct 35 is colder than it was when it passed through the heat exchanger 30 from the 
duct 29, and hence is warmed in the heat exchanger 30 before reaching the duct 40 
and the by-pass 58 leading to the mixing box 43. 

[0093] During operation in this mode, the effect is for the cabin air temperature 
to be brought up rapidly from a low level. 

[0094] The features disclosed in the foregoing description, or the following 
claims, or the accompanying drawings, expressed in their specific forms or in terms 
of a means for performing the disclosed function, or a method or process for 
attaining the disclosed result, as appropriate, may, separately, or in any combination 
of such features, be utilised for realising the invention in diverse forms thereof. 
[0095] 
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